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Influence of Zonal Configurations on Macro-
level Traffic Safety Modeling

HUANG Helai, XU Pengpeng, ZHAI Xiaoqi
(School of Traffic and Transportation Engineering, Central South
University, Changsha 410075, China)

Abstract: Based on the historic data from Hillsborough
County, Florida, U. S.,
crashes counts, road network, traffic pattern, and various

the zone-level factors including

social economic factors were explicitly collected for four
different zoning schemes, i.e. block groups, traffic analysis
zones, census tracts, and zone improvement plan codes.
Then, a Bayesian negative binomial model with conditional
autoregressive prior was developed for each spatial units,
respectively. The impacts of zonal variations on macro-level
safety modeling were investigated mainly from three aspects,
i. e. model performance, model parameter estimates, as well

as crash hotspots identification. Results revealed that

WeRs B 2015-04—23

statistical results based on different aggregation configurations
could be significantly different. Zoning schemes with less
number of zones tend to have higher crash prediction
precision. Compared with block groups, census tracts, and
zone improvement plan codes, traffic analysis zones level
model preforms worst in terms of model goodness of fit. The
variable of median household income shows consistently
significant effects on crash frequency and is robust to variation

in data aggregation.

Key words: macro-level safety analysis; zoning schemes;

Bayesian inference; conditional autoregressive model
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KR % HiA M Hillsborough 8 BTG M 37 iE P&
=A4F(2005—2007 4F) . Hillsborough 47
P EBRE G R P, GESEEE, @R
3279 km?,2010 4 A 0 S ECH 123 J7.

REL A MR R AE, A\OWEHIUH, A DA
X 338 437 /N DRI B 45 328 IX.. 3858 437 /> IR SF U5
Frfs B B A KIS RIBE R, HoAx 3 Fh X7 ok
BFEFEEADEERFIMNIEGERE RS

A O34 BTG (census blocks) J& 36 [ £ /N ) 3
BEX R B0, AT A 0 — R AE 85 AR
% Hillsborough B3b435 17 388 N A L E&EEIG,
HERAHAECH 0. 02 km?. RO, BodEfe A 025
ot FRBCE AR D SiHE .

A O a2l (block groups, BGs) A H ¥
EHRITRE G, £ A H 2 HdE &0 W&/ X R
BT, — P ANHEERTA B 600~3 000 A.

ANAEERTHREGH/IADETEX. BA
HE2 XA B ARFFFE 1 200~8 000 AR, /NX
AN BHHE 2B ETE KSR W .

A58 43 /INK R ST A A B S A A Y AR
) BT, HR 43 B F N B A B T, DU F
Z L Bk A5 B AR i LR IR UE /N IR A £
b PR e e B () e .

HS BR3¢ 328 X2 55 o] R TBR AR 95 R FH By — e DXL 7
&, ZIP B X311 (zone improvement plan) [
fETR » FLRGT 7 BE A BT LS A 0, B ARSE X 2 B 1
Hb.

Hillshorough B 341 & 795 A~ A 10 2 850
4,738 A A HT/INX L 249 S A2 XA 52
MR A3 X, /N X T AR ) F 57 85003 318 0. 99, 1. 24,
4,19 1 27. 39 km?.
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HPEER T T35 Bk M2 b S i o Hr i
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IR, I TS AR I HCH 4 854 58, & 1
8. 41%.

TE % 2238 B IR T 2 HL Ik M s S 1 B A
7 R 4 M Hillsborough B GIS ( geographical
information system) L [&. 3 F GIS 3F & X £0iE ¥F
TR IR, ARAT /N X 2 TH Y 2% I 52 38 R AE B0 4N
T
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Tab.1 Summary of variables and descriptive statistics
RET ABEEATH ZEAHTNX AAEEX R X

¥I{E (B ¥E B B ¥IE B (BT ¥I{E B (BT
BEER 72. 66 (0,716) 78.18 (0,481) 231.99 (10,1 149> 1114.63 (1,3 393)
ERFTIE AR/ (104 5 « km) 9.28  (0.03,94.79) 9.58 (0.01,78.88) 29.41 (0.04,220.83) 185.15 (0. 60,442, 75)
AL AEE/ S« km™D) 1.12 (0,9.87) 1,97 (0,41, 09) 0. 97 (0,5.42) 2.14 (0,15, 67)
PRI 40 km « h—1 BBt 43 0.79  €0.01,1.00)  0.72 €0,1. 00) 0.77  (0.41,1.00)  0.70 (0. 44,0. 88)
FREE 56 km » h— % B Ho i 0.14 (0,0. 59) 0.18 (0,1. 00) 0.15 (0,0. 40) 0.18  (0.07,0.37)
PR 72 km « h 1 JREZ .45 0.01 €0,0. 38) 0. 02 (0,0, 44) 0.01 €0,0.15) 0.02 (0.07,0. 37)
PR 89~105 km « h™ BB Ho 4] 0.03 (0,0.55) 0.05 (0,0. 83) 0. 04 (0,0. 27) 0. 06 (0,0. 36)
AR/ 103 A+ km™2) 1.37 (0,25.03) 0.93 (0,4. 80) 1.10 (0,3.97) 0.70 (0,1.87)
LA E H 0.51 (0,1. 00) 0. 49 (0,1. 00) 0.51  (0.35,0.61)  0.51 (0. 47,0. 61)
15 % X LUF A B ) 0.22 (0,0.52) 0.21 0,0, 43) 0.23 0,0, 42) 0.23 0,0. 38)
16~64 2 A0 H 1 0. 65 (0,1. 00) 0. 65 (0,1, 00) 0.65  (0.15,1.00)  0.66 (0.17,1. 00)
65 % X LA A H H 0.13 (0,0. 90) 0.14 (0,1, 00) 0.12 (0,0. 85) 0.12 (0,0. 83)
eh SR BRI/ (10% 2£5T) 4.36 (0,16. 00) 4,01 (0,11, 56) 4.29  (0.95,9.66)  4.65 (1. 95,7. 88)

B ~ N(0,1 000)
2 *Eﬂ_@ﬁ 1/y ~ Gamma(0. 01,0. 01)
7. ~ Gamma(0, 01,0, 01)

2.1 AZREMEEEER i FI WinBUGS #4714 BB THRAE.
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3.1

HH R, R AU Die (B TEEE B AN AR [ X K1 D7
ZTR—BRWIES. (OXF T A H T2 XA BB
128 X BT 5 8 B L VT S 8 A /N X T ) 2
LA BEBAR, R (K 0. 68. (3D FEE /NX B H 2 #T
W/ » Nvser (72 8 FEAR. 3 158 BA A BF 5 J07 SR TR 22
L DR SRR A /N X B B 80/ N 17 B0 T X S i) T
R,
3.2 RESHMITER

HIZR 2 W R H U458 (DX F A OEAHIT
H ZGE /DX RBREEGR X, 15 AR AR R 2
Yo 5 A4, A DS AE X h BEARREARA 41
(2)BEH /N B B B, B R bR 2
TR R (3) 25 18] H AR AE 4 Fh X7 S8 rh 3
W2, B 25 SR /IN X (8] (28 AL RH K 1.
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Tab.2 Results for model estimates
A D2 BT B AR AOEEX MR BT 336 X

HE  SBSXREEXRA HE  SBSYEMGEXRA ME  SUERGEXE  HE 95 % B 15 X A]
2K 3.83  (3.78,3.8%)  4.11 (4.07,4.16) 5.18 (5.13,5. 23) 6. 62 (6.52,6.72)
fﬂ’jﬁgﬁiﬂ/(lo‘l W 067 (0.60,0.73)  0.63  (0.58,0.69)  0.43  (0.36,0.50)  0.98  (0.82,1.14)
RXAHE/ A« km™) 018 €0.11,0.25) 0.07 (0.01,0.14) 0.21 (0.13,0. 3D 0.17  (—0.03,0.37)
FRIE 40 km « h LR EE 4 —0.23 (—0.31,—0.15) —0.04 (—0.10,0.03) —0.12 (—0.23,—0.02) —0.18 (—0.36,—0,0D)
B 72 km « h 1 B5EE o 0.02  (—0.04,0.08) 0. 07 0.02,0.13) —0.03 (—0.12,0.05) —0.07 (—0.24,0.11)
EEE%J 89~105km* hUBRBE o oo (0 12.0.02) —0.02 (—0.08,0.04)  0.02 (—0,07,0.11) —0.22 (—0,37,—0,06)
AOBEEE /(103 A s km™2) —0.13 (—0.21,—0.05) 0.20 €0.13,0.26) —0.08 (—0.17,0.02) 0.24 (0. 06,0. 42)
SRR A /104 225 —0.14 (—0.21,—0.07) —0.08 (—0.15,—0.01) —0.19 (—0.28,—0.10) —0.12  (—0.23,—0.01)
AL 0.35  (0.24,0.36) 0. 30 (0. 25,0. 35) 0. 09 (0.02,0. 15) 0. 09 (0. 02,0. 16)
FRAEE Sa($) 0.49  (0.41,0.57) 0.34 (0. 25,0. 43) 0.45 (0. 34,0. 54) 0.24 (0.12,0.39)
Drc 7 542, 42 7 304. 87 2 816. 84 734. 81
R? 0. 81 0. 68 0.92 0.93
NumspE 0.29 0.28 0.15 0. 05

TN RIR BB R 95 % e

AT AR S S B R AR, XTI
FAA TR AR, R R A TS S, RO
ERR. AN AR B R R R U AT
I B R TN /N IX 52 0 22 KO R B R AR T3 —
751 AR X R R E R WG S EER R
B, X F A A X, Hm R ECR 0. 43, Wi
HIR B 5328 X R 22 0. 98.

RXARAGEBEW LR M. BT HREI X, 58
X OEEEREK =M RP S EHK R E

TEAHSR. 455 BB BRI ZE AT ol LR . X L M H
ML, FCR A P AR .

St B FIRGER 1Y A2 S 5 7 TR DX AR AR 3 B st
THARHE SCEE TR AL R R BeAh, B B KR s E 3
N BE 8 77 L Ml Sz RS 5E AR » DAY I G 5 Sl 2 A
MIRREEHEE S AP T AL EE AT
NP 2 X R B 3 X, 3 A BRSE 40 km
h™ BR B, /NX Y KP4 B 1R 5 X T AR R
B 72 km « b BB UG HAESSE /DX R
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HEZE. NEBSHEATHERZERERE
(standard difference in means test). & 1 &KL
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Fig.1 Results of standard difference in means test for model coefficients of regression
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Fig.2 Identification of crash hotspots based on potential for safety potential (unit: crash)
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